This study assesses gender gap in agricultural productivity across selected major crops grown by Nigerian farmers including cassava, yam, maize, guinea corn, bean and millet 
Introduction
In the past three decades, there has been increased focus on gender issues and women empowerment in reference to agriculture and economic development. This is based on the increasing recognition that development outcomes can be adversely affected by the failure to pay closer attention to the differentiated societal positions of men and women -in terms of resource allocation, opportunities and rights-in the formulation, design and implementation of development policies and projects (Dejene, 2007) . The World Bank and the United Nations warn that the "failure to recognize the [gender] roles, differences and inequities pose a serious threat to the effectiveness of the agricultural development agenda" (World Bank, FAO, IFAD, 2009). African Development Bank (2015) also acknowledges that the increased integration to be that female farmers have lower yields than their male counterparts largely due to differentiated: (i) access and use of agricultural inputs and land, (ii) market and credit market access, (iii) labour market discriminations in terms of off-farm wages, (iv) institutional and cultural contraints, v) physical and human capital (Peterman et al., 2011a ; Palacios- Lopez and Lopez, 2014) . However, many of the past studies in the literature assessing the gender disparities in agricultural productivity are fraught with conceptual and methodological flaws in assessing gender differences in agricultural productivity. Empirical evidences are limited not only by country but also by crop specificity of findings and methodological constraints (Quisumbing et al, 2011; Oseni et al., 2013 ; Kilic et al., 2013) . This study overcomes some of these constraints by estimating crop specific models and employing a technique that caters to variations across low, medium and large scale male and female farm plot managers.
Furthermore, earlier studies find that male and female farmers have equal productive efficiency, especially, when inputs, market and credit access as well as physical and human capital are controlled for (Quisumbing, 1995; Quisumbing, Behrman, 2010) . However, the role of labour market discriminations in agricultural productivity has received little attention. Despite the number of studies in the litertaure, only Palacios-Lopez and Lopez, (2014) has been found to threoretically and empirically relate gender differences in agricultural productivity to credit and labour makret imperfections. However, the authors use the decisionmaker at the household level rather than the decisionmaker at the plot level, as gender identifier. This constrains the researcher from appropriaely matching the gender of the indiviudal managing plot acitivites to agriculture input use and productivity, as it is possible that other members of the households may oversee day-to-day decision making on the plot other than the household head. Evidently, through an empricial review of literature, Peterman et al. (2011b) compare data from plot level and household head level, and find that significant gender bais at household level disappeared with plot level data. Although no attention was given to the labour market constraints, Oseni, et al. (2013) , use plot level and nationally representative data across regions to analyze the structural and endowment gender differences in agricultural productivity across plot managers in the Northen and Southern parts of Nigeria. They find that women produce 28 percent less than men in the North but are barely explained by endowment factors (access to productive resources), whereas endowment factors explain most of the productive differences in the South, gender bias in agricultural produtivity is not found signifcant in the South.
Notably, the accurate diagnosis of the sources of productivity differences between male and female farmers is critical to identifying appropriate policy interventions for increasing women's productivity and overall agricultural productivity. This is particularly pertinent to Nigeria, given the renewed commitment of present government to position Nigeria's agricultural sector on a path of growth. Furthermore, the country's Federal Ministry of Agriculture and Rural Development (FMARD) in its Agricultural Promotion Policy (2016-2020) have identified a prioritized list of domesticated crops and animal products that will be central to tackling challenges to agricultural productivity: rice, maize, wheat, soya beans, horticulture (fruits and vegetables), sugar, poultry, and aquaculture (fish) (FMARD, 2016 United Nations and Africa Development Bank, Manfre, et al., (2013) , add that past policy efforts at revitalizing the agricultural sector in many SSA countries have had little or no success, partly due to failure to acknowledge the role of women and the negative effects of gender inequalities on agricultural productivity Given the aforementioned, the main objective of the study is to assess the extent of gender differences in agricultural productivity and identify its sources with the aim of enhancing gender empowerment in agriculture and improving overall agricultural productivity in Nigeria. The key hypothesis this study seeks to validate is stated as follows:
Null Hypothesis (H 0 ): There is no significant gender gap in agricultural productivity and inputs access in Nigeria.
Methodology
Gender-analysis frameworks include Harvard Analytical Framework and People-Oriented Planning, Moser Framework, Gender Analysis Matrix (GAM), Capacities and Vulnerabilities Analysis Framework, Women's Empowerment (Longwe) Framework and Social Relations Approach (March et al., 1999) . These gender tools have many similarities one of which is that all of them recognise and emphasise the existence of reproductive work alongside productive activities as well as need for gender empowerment and access to opportunities. However, despite many similarities, the gender frameworks differ in their scope and emphasis. For instance, the Social Relations Approach assumes that people have access to resources 3 mainly through social relationships (structural relationships that create and reproduce systemic differences in the positioning of different groups of people) based on patronage and dependency, where they have to trade in their autonomy in return for security (March et al., 1999) . Since the aim of this study is to investigate gender gap in agricultural productivity, it relies on Harvard Framework designed to demonstrate an economic case for allocating resources to women as well as men. The framework looks at the activity profiles of men and women, assess access to resources and benefits and looks at influencing factors causing gender division of labour, access, and control and determine different opportunities and constraints for men and women. The aim of the framework is to improve overall productivity and design more efficient policies that do not discriminate based on gender.
The Harvard Framework aligns with Oaxaca-Blinder (OB) decomposition approach that examines the sources of productivity differentials between male and female farm managers based on endowment effect, structural factors and some interaction factors, with foundations in labour economics. The decomposition method is often applied in the analyses of wage inequality such as gender wage gap and union wage gap (Oaxaca, 1973 ; O'Neill, O 'Neill, 2006 , Fortin, 2006 Fortin, et al., 2011; Aguilar, et al., 2014) . In line with Harvard Framework and Palacios-Lopez and Lopez (2014), the study breaks down gender differentials in agricultural labour productivity into: 1) labour market effect, 3) credit market effect, 2) endowment effect, and 4) marginal productivity effect. The labor market effect reflects the proportion of agricultural labour productivity explained by gender differences in the number of on-farm working hours -the direct impact of labour market imperfections. The credit market effect reflects the proportion of agricultural labour productivity explained by gender differences in the access to and use of purchased inputs e.g. pesticides, fertilizer, and hired labour -the direct impact of credit market constraints. The endowment effect reflects the proportion of the agricultural labour productivity explained by gender differences in the access to and control over household assets by plot manager -the long term impact of labour and credit market constraints that limits the capacity to accumulate human and physical capital. It links household characteristics to production and consumption decisions. The marginal productivity effect reflects the proportion of the agricultural labour productivity explained by gender differences in the coefficients of the various factors of production and household characteristics included in the regressions -the long term effects of labour and credit market constraints as well as institutional and cultural constraints on agricultural productivity. Mukasa, Salami (2015) broke gender productivity gaps in Nigeria, Tanzania, and Uganda into endowment effect, structural effect and interaction effect based on OB and Daymount and Andrisani (1984) and Jann (2008) . While the endowment effect reflects the definition of Palacios-Lopez and Lopez (2014), structural effect reflects the use and intensity of labor inputs in the agricultural production process and interraction effect captures the portion of productivity gap coming from simultaneous differences in both the predictors and their estimated coefficients. Most of the other previous studies such as Kilic et al. (2013) and Ali et al. (2015) use OB decomposition approach to examine the sources of productivity differentials between male and female farm managers. However, unlike Palacios-Lopez and Lopez (2014), this study critically deviates by placing emphasis on the decision maker at the plot-level, rather than household-level, as gender identifier, and applying the study in the Nigerian context. Also, it deviates from Mukasa, Salami (2015) by estimating the determinants of agricultural productivity for each gender group across major crops per unit of land. This is because farm outputs are measures in different units and their determinants may vary across crops and gender. Meanwhile, agricultural productivity models combining the two genders were also estimated to assess the overall effect of gender on farm productivity across crops.
Hence, the theoretical model adapted from Palacios-Lopez and Lopez (2014) and Harvard Framework is based on the idea of disparities in access to farm inputs, credit and productivity. Therefore, the model embodies the decisions made by different plot managers taking into account (a priori) constraints on the choice of on-farm or off-farm labor activities, which in turn affects the (ex post) allocations of labour and non-labour farm inputs. The study assumes the presence of credit market failures, gender bias in the labour market, and genderspecific off-farm time burdens. This implies that given the presence of credit constraints, for example, the decisions made by male and female plot managers and agricultural labour productivity will differ depending on their household composition and/or the opportunities available to them.
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The potential gender gap in agricultural labour productivity is defined as:
Labour market effect capital market effect n-farm and off-farm time allocation constrain) (liquidity constraint to purchased inputs) where, represents the marginal productivity of labour in male plots within households, and represents the marginal productivity of labour in female plots within households. α 1 represents the portion of gender specific off-farm time burden that is determined by the degree of household care activities is greater than or equal to 1, with 1 implying that the household has lower household care responsibilities. Ψ(represents a function of the household plot characteristics, which may differ for male and female plot managers. Φ represents the differential treatment of the labour market towards male and female farmers. It takes values between 0 and 1, with 0 representing a non-discriminatory labour market and 1 representing a discriminatory market.
In the empirical analysis, the study first conducts pairwise comparisons of means with equal variances related to factors and labour markets between male and female plot managers and consequently estimates a combined agricultural productivity models and separate models for male (M) and female (F) plot managers as:
where,
represents the log value of output per hectare for male (M) and female (F) plot managers. Using actual output per hectare for the entire crop grown by Nigerian farmers, as used in the existing studies, is biased because the unit of measuring crop outputs varies across crops. For instance, while crops such as rice and beans are measured in bags, yam is measured in tubers. Besides, some of the input requirements for each crop also vary across crops. To overcome this problem, the study estimates for the six 4 major crops grown by the sampled Nigerian farmers. Also, the study avoids using landed area cultivated, as a measure of agricultural output, because it does not determine productivity 5 . In addition, a measure of agricultural output measured by total harvest sales in monetary term is also avoided because harvest sales this season may be from past harvest and not the present harvest and there is possibility of harvest sales being influence by other factors besides input constraints such as negative demand shocks and seasonality (See Olakojo, 2016) . L is the number of hours of the plot manager's labor on the farm per day. X is the vector of k which represents other inputs (improved seeds, pesticides, fertilizer, agricultural implements 6 , and hired labor). With respect to farm inputs, if any input shows significant negative impact on the output of any particular crop, it implies that the input in question is not an input required to produce such crop. If an input shows an insignificant positive effect, it implies that the input is important but inadequate to improve the level of output. Z is the vector of household characteristics including physical and human capital (land assets, location of households and plots). β 0 , β l , β k , represent associated vector of intercept and slope coefficients for male and female plot managers. G is gender variable representing 1 if gender is male and 0 if the gender is female.
is the error term under the assumption that Finally, the study estimates (1), (2) and (3) with non-parametric regression models (which uses bootstrapping technique), otherwise regarded as quantile or robust regression to deal with presence of outliers posed by the nature of heterogeneous farm production depending on whether a plot manager is a large, medium or small scale. This approach is built to deal with collinearity problem as the collinear variables are automatically dropped.
Data
The study obtains its data mainly from the Living Standards Measurement Study-Integrated Surveys on Agriculture (LSMS-ISA) for Nigeria in the wave 2 panel studies for the year 2012/2013. The Nigeria General Household Survey-Integrated Surveys on Agriculture (NGHS-ISA) data was collected in two phases; the post-planting period (September to November 2012) and post-harvest period (February to April, 2013, respectively). The survey sampled 5,000 households (about 12, 948 individuals) with representative at the national, urban/rural and the six geopolitical zones of Nigeria. The Nigeria LSMS-ISA instruments included household, agriculture, and community questionnaires covering post-planting and post-harvest periods. It also identifies the managers of plots farmed in each household, which when combined with the demographic and other components, allows one to define the gender and socio-economic characteristics of each plot manager. This would allow the study avoid the pervasive use of household-heads as default plot managers.
In this survey, all sample households were administered the multi-topic household EP 2017 (64) 2 (415-435) Solomon Abayomi Olakojo questionnaire, while the households involved in agricultural activities (through ownership and/ or cultivation of land, livestock, and fishing) were administered the agriculture questionnaire. The agriculture questionnaire solicited information on land areas, physical characteristics, labour and non-labour input use, extension services, other agricultural incomes, and crop cultivation and production, with reference to rainy and dry seasons. Also, some of the relocated households were successfully tracked and interviewed using a modified questionnaire.
Results and Discussion
The characteristics of the plot managers presented in Table 1 show that the gender gaps in agricultural productivity and access gaps to relevant farm inputs in Nigeria are small. In terms of farm outputs and harvest sales, the men have relatively higher outputs and higher harvest sales but this is not significantly different from the female farm mangers. However, there is a sort of labour market imperfection against women plot managers and this is shown in the higher average wages (of N153, 824.50) paid by women plot managers above that of men plot managers (of N35, 472.49). The reason why women paid higher wages for the employed farm workers is shown in the Table 1 as well. Men spend relatively more hours (5.2 hours) on the farm than women (5.1 hours) which may be due to other reproductive household responsibilities engaging women farm managers. Hence, they are constrained to employ more hands on their farms than men as shown in the Table 1 where men employ average of 4 men plot managers and women plot mangers employ average of 5 men on the farm. This has implications in terms of farming experience and farm output. That is, men plot managers are likely to have more farming experience than women plot mangers. Overall, the access of both men and women plot managers to government support farm inputs is very low. For instance, only 14% and 16% of sampled female and male plot managers indicate that they have access to pesticides. It is worse in the case of free seed availability where only 1.8% and 2.2% of female and male pot managers respectively indicate access. The situation is similar in terms of access to irrigated lands. However, most of the inputs used on the farm are out of pocket purchase. For instance, while only 2.8% and 2.1% of female and male plot managers respectively indicate access to free fertilizers, 90.4% and 90.1% of female and male plot managers respectively indicate that they purchase fertilizers. In terms of gender disparities in access to farm inputs, on the average men have higher level of access, although with no significant difference. Of particular important is access to land, men plot managers do have higher access to land than women pot managers but this is only significant at 10% level.
Further, the important of the descriptive statistics, presented in Table 2 , is to assess the nature of the data to be used in subsequent estimations in order to guide against model misspecifications. The standard deviations (stds) and coefficients of variations (CVs) indicate that all key variables are not normally distributed given the values of stds and CVs above 0.5. In other words, these variables exhibit significant skewness. This implies that some of the farmers are small scale farmers, some are medium scale farmers and some are large scale farmers. Given the characteristics of the key variables, employing linear regression will yield biased estimations; hence the justification for employing nonparametric or robust regression techniques. The estimate of cassava output among the small scale farmers (quantile 25) indicated in Table 3 shows that herbicides availability is important in improving cassava production. However, it is significant for male farmers with elasticity of 1.09. That is, if herbicides are available cassava production will improve by 1.09% among low scale male farmers. This implies that relative access to herbicides by male plot managers (as indicated in Table 1 ) increases output of cassava output of male plot managers at the expense of female plot managers. Further, herbicides are also important in maize production. The estimations including both plot managers, male and female small scale plot managers (quantile 25) indicate significant impact with coefficient of male plot managers (0.76) marginally higher than that of female plot managers (0.674).While free seed availability is not significant in cassava production as expected, it improves maize production by 2.15% in the estimations involving both genders small scale plot managers. Likewise, land access is important in producing maize. The results show that land access improves quantity of maize produced by 1.36% among small scale male farmers but it was not found significantly improving maize output among female small scale plot managers (Table 3) .
Among the medium scale farmers (quantile 50), herbicides is only significant in improving cassava production among the male plot managers with elasticity of 1.34%. In the case of medium scale maize farmers, availability of machine is found to be significant in all the three estimations involving both plot managers, male and female medium scale plot managers. However, the coefficient of male plot managers (2.432) is larger than that of female plot managers (1.926). This means that availability of machines improve output of maize more significantly among male farm managers. Besides, free seed and herbicides is also found to significantly improve output of maize among the medium scale farmers. However, production of maize reduces by 1.53% as location tends to be urban among the medium scale farmers (Table 3 ). This implies medium scale maize farming is often carried out in rural areas.
For the large scale cassava farmers (quantile 75), gender only reduces cassava production marginally by 1.06% and this is only significant at 10% level. That is, as gender tends to be female plot managers, output of cassava reduces by 1.06%. Meanwhile, free seed shows negative impact on cassava productivity. This implies that cassava production does not use seed or substitutability of cassava production for other crops whose free seeds are available. Location also reduces maize production significantly but this is only relevant among the male large scale farmers. That is, production reduces by 2.18% if the farm location is in urban areas among the large scale farmers.
In the case of yam and guinea corn presented in Table 4 , it is realized that none of the inputs enhances output of guinea corn but as location tends to urban its output reduces by 2.51%. This implies that poor performance of guinea corn relating to the key inputs. However, yam output is driven mainly by availability of pesticides and fertilizer among the low scale farmers but the impact is only significant among low scale male plot managers. Herbicides availability reduces yam output significantly among the low scale farmers. Source: Computed using STATA Note: *,**,*** implies significant at 10%, 5%, and 1% respectively. -implies variables dropped due to collinearity problem.
This implies that farmers use multi-cropping technique such that availability of herbicides does not necessarily improve yam output but may improve other crops' output. Also, it may imply substitutability of yam for other crops whose inputs (such as herbicides) are easily available. In addition, availability of irrigated plots improves yam production by 2.05% among the small scale male plot managers but was not found significant among their female plot managers counterpart.
Among the medium scale farmers, farm employment and fertilizer use are the key variables driving yam output. While farm employment is significant for both male and female plot managers, the coefficient of male plot managers (0.54%) is marginally higher than that of female plot managers (0.53%). This means that male plot managers' employees are more productive than female plot managers. The reason may be because male spent longer hours on the farm and thus able to monitor workers than their female counterpart. Another gender gap in yam production surfaced in the coefficient of fertilizer use that is significant (approximately 1.20%) in the case of male farmers and insignificant (0.66%) in the case of female plot managers. Similar results to the medium scale farmers are obtained with large scale farmers.
With regards to beans and millet, hours spent on farm (improve beans output by1.02%) and the use of animal traction (improve beans output by 0.66%) are significant determinants of beans among the low scale farmers, while pesticides (improve millet output by 1.38%) and free seed (improve millet output by 1.66%) availability are significant determinants of millet output among the low scale farmers. Significant gender gaps were not established among the low scale beans and millet farmers. Among the medium scale farmers, availability of herbicides improves output of beans by 0.46%, while farm employment is the key driver of millet output among medium scale male plot managers. Finally, larger scale beans farming is driven positively by machine availability (0.50%), fertilizer use (0.38%) and land access (0.51%). Meanwhile, female plot managers' hour spent on farm improves beans output significantly among the large scale female beans farmers (0.70%) but no significant relationship could be established in the case of large scale male beans farmers. However, farm employment is a significant determinant of millet among the large scale male plot managers but not among their female counterpart.
Overall, gender productivity gaps in the selected crops vary. While it is mild on the aggregate implying that both male and female face similar input constraints resulting in low farm productivity, the gender productivity gaps is more pronounced in certain crops than other given the variation in responsiveness of farm outputs to inputs used and other variables. The productivity gaps are particularly traceable to farming experience in favour of men and labour market imperfection which is biased against women. This is in line with previous studies such as UNECA (1982) 2015) and Mukasa and Salami (2015) which found that female farmers have lower yields than their male counterparts largely due to differences in access and use of agricultural inputs and land, market and credit market access, labour market discriminations in terms of off-farm wages, institutional and cultural contraints, and physical and human capital. However, unlike previous studies land access was not found to significantly influnce the gender farm productivity gaps. Source: Computed using STATA Note: *,**,*** implies significant at 10%, 5%, and 1% respectively. -implies variables dropped due to collinearity problem
Conclusion
This study has further drawn interest in agricultural gender gaps, it sources and consequences in Nigeria using the Living Standards Measurement Study-Integrated Surveys on Agriculture (LSMS-ISA) for Nigeria in the wave 2 panel studies for the year 2012/2013. On the whole, gender productivity gaps in agriculture in Nigeria is mild implying that both male and female face similar input constraints resulting in low farm productivity. However, the gender productivity gaps is more pronounced in certain crops than other given the variation EP 2017 (64) 2 (415-435) in responsiveness of farm outputs to inputs used and other variables. Specifically, gender productivity gaps are more pronounced in cassava, yam and maize production while it is rather mild in other three sampled crops. The productivity gaps are particularly traceable to farming experience in favour of men and labour market imperfection which is biased against women. That is, while men, on the average, have longer farming experience than women, women pay higher wages than men which is traceable to labour market discriminations, in terms of longer off-farm time spent by women plot managers, and rooted in institutional and cultural contraints.
In terms of policy, Nigeria could do better in production of some of the agricultural commodities it already has a leading position such as yam and maize if gender productivity gaps is addressed. Specifically, labour market imperfections against women need to be addressed given that agricultural sector employs most women in rural Nigeria. One way of going about this is to have an efficient collective bargaining to address payable gender wage gap. That is, wages and other conditions of farm employment should be negotiated by an organized body of farmers. Correcting labour market failures in this regards will have a positive impact female-managed farm outputs. However, this requires a formalized farming system which is presently lacking in Nigeria. 
